Background: Present study is a systematic review conducted to establish a quantitative association between acute lower respiratory infection (ALRI) and low birthweight (LBW) attributable to Indoor air pollution (IAP) in under-5 children. Materials and Methods: Total of 24 articles for ALRI in under-5 and seven articles for LBW were included in this review. Meta-analysis was done on nine and six articles on ALRI and LBW children, respectively. Results: Sixteen studies reported significantly elevated odds ratio (range: 1.38-6.0) of ALRI exposed to IAP. Similarly, significantly increased risk of LBW due to IAP was reported in the studies (range: 1.1-1.86). The risk of ALRI increased by 2.51 times, while the risk of LBW increased by 1.45 times due to IAP exposure. Conclusions: This review of ALRI and LBW attributable by IAP confirms and strengthens the findings of previous reviews and provides further strong evidence of associations of ALRI and LBW with IAP.
Introduction
Air pollution is a significant cause of mortality and morbidity among children [1, 2] . In developing countries, the problem of indoor air pollution (IAP) far outweighs the ambient air pollution. The combustion products of unprocessed solid biomass fuels used by the poor urban and rural people for cooking and heating are the most important causes of IAP in developing countries. Solid biomass fuel contains number of pollutants and known health hazards [3] [4] [5] [6] [7] .
Globally, almost 3 billion people rely on biomass (wood, charcoal, crop residues and dung) and coal as their primary source of domestic energy [8, 9] . Biomass accounts for more than one-half of domestic energy in many developing countries and for as much as 95% in some lower income countries [8, 10] . In India, >80% of the households are using solid fuels for cooking and heating purposes [11] . IAP from household use of solid fuels (wood, animal dung, crop wastes and coal) has already been identified as one of the several modifiable risk factors requiring evaluation [12] . IAP has been attributed to cause many diseases, such as acute respiratory infection, chronic obstructive pulmonary disease, cataract, tuberculosis, asthma, heart diseases and adverse pregnancy outcomes [13] [14] [15] . In India, prematurity and low birthweight (LBW) (32%) were the major cause of mortality among the neonates while in children aged 1-59 months, acute lower respiratory infection (ALRI) (28%) was the major cause of mortality [16] .
In order to gain stakeholders interest on this public health problem, it is important to quantify the burden of disease attributable to IAP. This article presents the first step in this direction, where a systematic review has been performed to establish a quantitative association between ALRI and LBW attributable to IAP in under-five (U5) children. We focused on ALRI and LBW in the present article because they are the major causes of mortality in this age group and variety of researches have been conducted for them. Other diseases attributable to IAP have not been very well studied.
Materials and Methods
Published papers, letters and review articles relating to IAP, ALRI and LBW in U5 age group and neonates, respectively, were selected by an electronic search of United States National Medical Library through Pubmed and Google Scholar. The search strategy used for Pubmed and Google is illustrated in Box 1. Inclusion criteria concerning the exposure and outcome were used to select the references from the electronic searches stated in Box 2. Cross references of the relevant articles were also retrieved. Search of references for exploring risk of ALRI and LBW with IAP was completed on January 2011. Flow of the selected references is given in Fig. 1 .
Data required for meta-analysis could be extracted from 10 articles related to ALRI and 7 articles related to LBW. Quality of the article was assessed and the articles were critically analyzed with the help of STROBE checklists for observational studies [17] and CONSORT statement for trials [18] by one of the author (C.S.P.).
Two authors (R.S. and P.M.) screened the shortlisted studies and independently categorized and extracted data from the full text of the articles. Any kind of disagreement between the authors regarding article screening and data extraction was sorted by third author (A.K.).
Extracted data were entered into Microsoft excel sheet. For the statistical analysis, STATA version 11 was used. Statistical heterogeneity between the studies was assessed using the I 2 statistics [19, 20] . Summary estimates were calculated using random effect model [21] . A pooled odds ratio (OR) with 95% CI was presented as a standard forest plot. Subgroup analysis was done on the basis of method of exposure assessment and on the basis of method of outcome assessment among different studies. Birthweight <2500 g, measured within 3 days of the delivery.
The Google Scholar search strategy used was based on text word searches of the titles, key words and abstracts for items listed in 4(c). First 50 pages were screened for the relevant references.
Funnel plot was made to assess the publication bias by its visual inspection. Further asymmetry was assessed by the method of Egger's linear regression test, a linear regression approach to measure funnel plot asymmetry on the natural logarithm scale of the OR. The significance of the intercept was determined by the t-test (p < 0.05 was considered representative of statistically significant publication bias) [22] . All p-values presented were two tailed. Systemic review was carried under the guidelines of PRISMA [23] .
Results
A total of 24 studies were included in the qualitative review . Reviewed studies are briefly summarized in Table 1 . Regarding LBW and IAP, full text of seven relevant articles [51] [52] [53] [54] [55] [56] [57] were retrieved and reviewed and are summarized in Table 2 . All these studies had adjusted the risk for one or more of the confounders such as age, socioeconomic status, sex, parity, gestational age, mother's age, urban and rural residence, number of children in the household, Body Mass Index (BMI), iron and vitamin supplementation, smokers, housing conditions, maternal and paternal education, occupation and anemic status.
Acute Respiratory Infection
Age group of the participants varied among the reviewed studies. Thirteen studies were carried out on U5 children while the remaining were in <2 or 3 years. Four studies excluded the neonates [34, 37, 43, 44] . Exposure to household smoke pollution was assessed using different approaches that measured proxies for biomass fuel smoke exposure such as: information on the cooking practices, types of fuel used for cooking or heating compared with cleaner fuels, such as Liquefied Petroleum Gas (LPG) or electric stoves, behavioral practices such as carriage of child on mothers back while cooking. Four studies actually measured pollutant levels, though only in a subset of the households [26, 36, 40, 46] . Multiple definitions for ALRI case ascertainment were used among the reviewed articles (Table 1) . Cases were either screened on clinical basis or radiological or World Health Organization (WHO) protocol [48] or nasopharyngeal aspiration culture [49] . Jhonson et al. [30] used court defined diagnostic criteria of ALRI [50] . Impact (Risk) assessment All but one study reported the increased risk of ALRI associated with IAP. Significantly elevated ORs were reported by 16 studies, ranging from 1.38 to 6.0, whereas rest reported insignificantly increased risk. Shah et al. [33] showed a negative association between ALRI and smoke exposure, but this was non-significant. ALRI mortality was reported as an outcome in three studies (Fig. 1) relationship was measured by four studies and showed a significant association of ALRI with increase in IAP exposure [26, 36, 40, 46] .
Meta-analysis
Out of 10 studies selected for meta-analysis for IAPassociated ALRI, meta-analysis was performed on 9 estimates from 9 articles. Weber et al. [25] was not included in the meta-analysis because the study was not designed to assess the effect of IAP on ALRI. Figure 2 shows the forest plot for all nine estimates. There was heterogeneity among the studies (I 2 ¼ 93) and hence random effect model was used. The pooled OR was 2.51 (95% CI 1.53-4.10). On subgroup analysis, heterogeneity almost remained the same with OR decreasing up to 2.01. The funnel plot showed slight asymmetry, with non-significant Begg's (p ¼ 0.53) and Egger's tests (p ¼ 0.53) (Supplementary Figure 1) .
LBW
Participants were the new born children whose weight was measured within 3 days of the delivery. Exposure assessment for LBW was similar to the exposure assessment of ALRI children stated earlier. LBW was defined as birthweight <2500 g [58] .
Impact (risk) assessment
Tielsch et al. [57] reported 1.49 (1.25-1.77) times increased risk of LBW if pregnant female was exposed to smoke by the use of wood or dung as a fuel for cooking. Adjusted OR of LBW associated with wood use reported by Siddiqui et al [56] was OR ¼ 1.86 (95% CI 1.11-3.14), Woodruff et al. [54] study in USA reported an adjusted OR for small-for-gestational age (SGA) for exposures in the highest compared to lowest quartile of PM 2.5 of 1.26 (95% CI 1.03-1.50). Thompson et al. [55] reported non-significant crude risk ratio of 1.07 (95% CI 0.63-1.81). In the remaining studies in Zimbabwe [53] , Guatemala [52] and India [51] crude ORs calculated were 1.15 (95% CI 0.84-1.56), 1.22 (95% CI 0.88-1.66) and 1.35 (95% CI 1.15-1.58), respectively.
Meta-analysis
Out of seven studies, six were selected for meta-analysis of six estimates. Woodruff et al. [54] was not included as necessary data could not be extracted from the article. Figure 3 shows the forest plot for the six estimates. Heterogeneity was found among the studies (I 2 ¼ 78%), hence, random effect model was used for odds estimation. OR calculated was 1.45 (95% CI 1.13-1.87). On subgroup analysis, the result almost remained same and was statistically Figure 2) . Discussion This review of ALRI and LBW attributable to IAP confirms and strengthens the findings of previous reviews, and provides further strong evidences of associations of ALRI and LBW attributable to IAP [15, 16, 59] .
Indoor biomass fuel smoke has been shown to adversely affect the host defenses against the respiratory infections and causes inflammation of airways and alveoli and it is thus plausible that it increases the incidence of ALRI. Infants and U5 are particularly susceptible to these adverse outcomes because of immaturity of respiratory defense mechanism.
LBW has multi-factorial etiology and proportion of it is attributable to IAP. Fullerton et al. [60] stated that particulate matter and carbon monoxide present in IAP reduces oxygen content of maternal blood and hence reduces the oxygen transport across the placenta, which may ultimately lead to LBW. Maternal lung disease would also reduce the nutrient intake of the mother, which causes impaired fetal growth and LBW.
Almost all studies reported a positive association and most of them were significant except by Shah et al. [33] . Probable reason for this negative association could be the erroneous selection of the controls (ALRI who were not admitted). Siddiqui et al. [56] also reported negative OR. This change may be because of the negative confounding by gravidity, since increasing gravidity is protective of LBW [28, 61, 62] .
The present review does not consider IAP other than smoke generated by the use of solid biomass fuel [e.g. environmental tobacco smoke (ETS)]. ETS exposure has not been assessed in most of the studies. There has been substantial evidence to show that ETS exposure leads to ALRI among children [63] [64] . Considering the important effect of ETS on perinatal and child health [65] , the estimates mentioned in the reviewed studies would likely under estimate the actual impact of the IAP. Given that most of the studies actually measured the risk of solid fuel use with ALRI and LBW, there may be risks to health in addition to air pollution, perhaps through the physical burden, which is required during harvesting of such fuels and also households adopting less-polluted stoves and/or behavior generally do so following improvements in their socioeconomic circumstances, which strongly influence many health outcomes [66] .
Four studies had excluded neonates from their study population. The possible reason for this exclusion could be that currently there are no evidences and scientific explanation available, which states that IAP could be directly attributable to ALRI in neonates though on the other hand IAP can cause more harm to the immature lung of the neonates.
Dherani et al. [67] Limitations Search of the article was limited to the United States National Library of Medicine, while the Excerpta Medica Database was not included in the search strategy. The search of the gray literature was done by contacting the experts. The observational study design used by almost all of the studies presents a problem in relation to confounding factors. This inadequate adjustment may result in biased estimates. Estimation of the exposure was based on proxy of IAP exposure. Very few of the studies had quantified the exposure and established a dose-response relationship. This has important implications for assessing the health impact of exposure levels in various populations, as well as estimating the potential health benefits that might result from reducing exposure by different amounts. Regarding ALRI, different protocols were used for the identification of the disease among different studies, which might impede the standardized identification of disease. Variation among exposure assessment and among disease identification may result in heterogeneity of the studies during the meta-analysis. Impreciseness of the estimates can be explained by the small sample sizes and misclassification of exposure and outcome in the studies.
Conclusions
Qualitative and quantitative review of the selected literatures suggests unanimously that there is a strong risk of ALRI and LBW attributable to IAP. IAP caused by burning biomass fuel causes' considerable damage particularly to the health of children. Further research is with emphasis for randomized control trials, better quantification of exposure and hence dose-response relationship and using high specificity guidelines for the outcome variable.
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